. In the rainy season, the organisms harbored in soil may come up to the surface of the water-table and then multiply in the stagnant water and muddy sites such as rice paddy (6) .
One of the interesting aspects of the survival of P. pseudomallei in natural environments is that pH varying with the depth of soil has little or no effect on their growth (7) . In agreement with this finding, Yabuuchi et al. (8) have
reported that the growth in brain heart infusion broth of pH 4.5 is one of the unique characters of P. pseudomallei and P. cepacia. In our previous study (9) broth, which was incubated overnight. A 0.2-ml portion of this culture was then inoculated into 10 ml of heart infusion broth, which was brought to shaking culture or to standing culture at 37 C. When the modified minimum medium was employed, the inoculum was prepared by suspending the pure bacterial culture in sterilized saline solution to a density of McFarland No. 4. A 0.2-ml portion of this bacterial suspension was inoculated into 10 ml of the modified minimum medium. With time intervals, bacterial growth was followed by measuring the turbidity with a Coleman spectrophotometer at 600 nm for the heart infusion broth culture or at 500 nm for the minimum medium culture. At the same time, the viability was determined by plate counting with a 0.1-ml aliquot withdrawn from each culture and its dilutions.
Measurement o f medium pH: The pH change of the culture medium during incubation was followed with pH-test paper with time intervals. One or two drops of the liquid taken out aseptically with a pasteur pipette were applied on the paper.
RESULTS
In the first experiment, a comparison was made among P. pseudomallei, P.
cepacia, and P. aeruginosa concerning their growth behavior in heart infusion broth of three different initial pH values (4.5, 7.0 and 9.5) under shaking culture.
The results were most contrasting in these three species of pseudomonads ( Fig. 1 ).
In the media of pH 4.5, the P. pseudomallei strain made a steep logarithmic growth after a two-day lag period, and reached the maximum turbidity in 5 days. This turbidity was kept at the same level together with persistent viable counts of 108 to 109 for as long as 30 days of the observation period. P, cepacia showed a growth tendency similar to that of P, pseudomallei, though the maximum level was lower and viable counts decreased down to the undetectable level within 15 days. On the other hand, the P, aeruginosa strain did not show any sign of growth at this pH, and the viability began to decrease immediately after inoculation.
In the media of pH 7.0, each of the three strains of pseudomonads grew well under shaking culture. The maximum level of growth was higher in the order of P. pseudomallei, P. cepacia, and P, aeruginosa. The once attained turbidity continued at the same optical density in the former two species, but the optical density of P. aeruginosa decreased after the peak growth in 2 days indicating cell lysis. As for viability, P. pseudomallei persisted again in a high level (107 to 108 Fig. 1 . Time-course observation of the growth and viable counts of P.
pseudomallei, P. cepacia, and P. aeruginosa in shaking culture with heart infusion broth, whose initial pH was adjusted to 4.5, 7.0, or 9.5 per 0.1 ml), but the other two species became negative in plate counting within several days.
In the media of pH 9.5, only P. aeruginosa grew under shaking culture.
Viable counts of the other two species began to decrease immediately after inoculation and became undetectable within a few days.
The above results aroused our interest in the possible pH change of the medium pH during the bacterial growth. An experiment was undertaken under the same conditions as before to follow the pH change of the medium in 4, 6, 11, 11, 42 and 70 days of culture. The results are shown in Fig. 2 . When the medium was not inoculated, any initial pH did not change at all at least during shaking condition at 37 C. In the media of the initial pH 4.5, the tubes inoculated with P. pseudomallei turned to pH 7.0 in a few days and kept it constant in the later period of incubation. The media inoculated with P. aeruginosa, though the bacterial growth was not evident there, changed the pH up to 9 to 10 in 10 days and decreased down to 8 in 70 days. The media inoculated with P. cepacia took the same pattern of pH change as those with P, aeruginosa, though being on a lower level.
In the case of the initial pH 7.0, the media inoculated with P, pseudomallei did not change their pH at all for 70 days. The other two species, however, elevated their medium pH up to around 9.0 in 10 days and kept it constant in the later period of incubation.
In the case of the initial pH 9.5, the media inoculated with P. cepacia did not change the pH at all, probably correlating with no growth and no survival there.
In the media inoculated with P. pseudomallei, however, pH decreased down Fig. 3 . Time-course observation of the viable counts of P, pseudomallei, P. cepacia, and P. aeruginosa in standing culture with heart infusion broth, whose initial pH was adjusted to 4.5, ?.0, or 9.5.
gradually to neutral in 40 days. On the other hand, P. aeruginosa changed the initial medium pH slightly down, and then elevated up to 10 suggesting their metabolic activity.
In standing culture in heart infusion broth (Fig. 3) , the general results indicated that the adaptation to the unusual pH environments by any species Fig. 4 . Time-course observation of viable counts of P, pseudomallei, P. cepacia, and P, aeruginosa under shaking culture in modified minimum medium (Difco) whose initial pH was adjusted to 4.5, 7.0 or 9.5.
could be attained more easily than in shaking culture. Both P. pseudomallei and P, aeruginosa grew and survived in the media of the initial pH 4.5 for 20 days at least, though the viability of P. cepacia decreased down to the undetectable level in 20 days.
In the case of the initial pH 9.5, P. aeruginosa grew and survived, and P. pseudomallei appeared to take a sign of increase in viable count after the initial decrease by one log level.
The viability of P, cepacia went down rapidly from the beginning. Such fragility of P, cepacia was evident also in the usual medium of the initial pH 7.0 where the viable cells became undetectable in 13 days.
The last experiment was undertaken to see the mode of growth and viability of the three species when the medium was more inorganic and poor in nutrients.
As described before, this minimum medium contained only citrate as carbon source and only ammonium sulfate as nitrogen source. After inoculation with the same strains as employed in the first (Fig. 1 ) experiment, the media were subjected to shaking culture. With time intervals, viability of the cultures was checked by plate counting as usual. The results are shown in Fig. 4 . A survey of this figure in comparison with Fig. 1 indicates that any pseudomonad species can survive in the minimum medium. Even P, cepacia, which was most fragile in heart infusion broth, kept the constantly high level of viability in the minimum medium of pH 4.5 or 9.5 for as long as 70 days at least. P, pseudomallei persisted in the minimum medium of any pH showing the highest level of viable counts, 107 to 108 per 0.1 ml at pH 4.5 and 7.0, and 106 to 107 per 0.1 ml at pH 9.5. P. aeruginosa was the poorest in keeping the viability in acidic environment as we experienced in heart infusion broth. During the course of this experiment, the initial pH of the medium did not change so much, for example from 4.5 to 4.9, from 7:0 to 6.7 and from 9.5 to 8.0 in 70 days, respectively.
DISCUSSION
The present study revealed two marked events in the growth and survival in the unusual pH environments by three species of pathogenic pseudomonads; P.
pseudomallei, P. cepacia, and P. aeruginosa. First, such bacterial adaptation was possible more efficiently in the media of poor nutrition and limited aeration. This may suggest that the low rate of endogenous metabolism is a favorable condition to switch their living pattern adaptable to a new environment, especially improving the chances of survival or prolonged viability.
Secondly, P. pseudomallei and P. cepacia showed a higher adaptability to acidic environment than P. aeruginosa, and the latter, in contrast, is more endurable to the unusual, alkaline condition than the other two species.
The most remarkable example was the case of P. pseudomallei. The strain started a vigorous growth after a lag period of 2 days under shaking culture at pH 4.5 and reached the level of 108 to 109 viable count in several days. This viability, together with culture turbidity, persisted at least for 30 days of our observation. aerobes (11), the recent studies (12) (13) (14) (15) show that this idea is not always correct for some species of pseudomonads, and that the anaerobic respiratory chain is equipped together with the oxygen-dependent channel (11, 12) . As far as P.
pseudomallei is concerned, the adaptability to unusual pH environment is most remarkable in both aerated and unaerated conditions. Though the in vitro situation set up experimentally may differ from those of natural environment, the present observation is compatible with the well-known fact that P. pseudomallei can survive in soil and water for weeks, months, and even years (7, 16, 17) . Not only in such natural environments, P. pseudomallei can persist also in human individuals causing chronic, latent or subclinical melioidosis with occasional relapse or conversion to acute septicemic cases (18) (19) (20) (21) (22) .
The long persistence of P, pseudomallei cells in the tissue can produce granulomas which are not differentiated from those of tuberculosis on histopathologic ground alone (23, 24) . Such persistence of P. pseudomallei in the host may be, at least partly, due to their capability to survive in acidic tissue environment such as the phagolysosome of macrophages (25) and in the closed lesions of lower oxygen tension. In addition to metabolic factors, we think that the structural components, especially of the cell surface, are also the important determinants for the survival of P. pseudomallei in the tissue. An attempt is now underway to make clear the nature of pathogenicity and virulence of P. pseudomallei nature along this line.
